INTRODUCTION
T helper (Th)-17 is a newly recognized CD4 + T-cell subset that is distinct from traditional Th-1 and Th-2 lineages. Th-1 responses are important for controlling viral, fungal, and intracellular bacterial infections. Th-1 cells are classically identified by the production of interferon-gamma (IFN-). Once committed, the Th-1 cells activate macrophages and induce IgG2a production by B cells. Th-2 responses are frequently found in allergic diseases, such as asthma, and are particularly important in the host response to parasites and helminthes in the gut. Th-2-cell differentiation is promoted by interleukin (IL)-4 and it is characterized by the production of IL-4, IL-13, and IL-5. The Th-2-committed cells promote IgG1 and IgE class switching and eosinophil recruitment. 1 Interleukin-17A is the " signature " cytokine of the Th-17 pathway. Th-17-committed cells can produce IL-17A, IL-21, IL-22, CC chemokine attractant ligand-20 (CCL20), and IL-17F. 2, 3 IL-17A has also been shown to promote production of IL-1, tumor necrosis factor alpha (TNF-), IL-6, IL-8, and matrix metalloproteinases (MMPs) by epithelial cells and fibroblasts. 4 -6 Th-17 cells are important in responding to extracellular bacterial and fungal pathogens, by recruiting neutrophils and macrophages to infected tissues. 7 -9 Studies in mice have found that Th-17 differentiation is driven by IL-6 and transforming growth factor beta (TGF-) 10 -12 and requires the lineage-specific transcript factor, retinoid-related orphan receptor-t (ROR t). 13 has been implicated in the survival and proliferation of Th-17 cells. 14, 15 In vitro , IL-1 and TNF-can amplify differentiation of IL-17 + -producing cells. 10 In humans, Th-17 polarization is induced by IL-1 and enhanced by IL-6 and IL-23. 16, 17 The biological role of Th-17 cells is not fully understood; however, IL-17 has been implicated in autoimmunity in humans and also in animal models, such as experimental autoimmune encephalomyelitis, autoimmune uveitis, collagen-induced arthritis, and inflammatory bowel disease. 18 -21 IL-17 has been found to be elevated in psoriasis lesions, 22, 23 in the synovial fluids of patients with rheumatoid arthritis, 24 and in vitreous of patients with uveitis. 25, 26 Dry eye is the second most common problem of patients seeking eye care, and is characterized by eye irritation symptoms and blurred vision. The prevalence of dry eye (DE) increases with age, 27 with a prevalence of 6 % at 40 years of age, increasing to 15 -25 % in the population over the age of 65 years. 28, 29 Among DE patients, 11 % have been estimated to have the IL-17 disrupts corneal barrier following desiccating stress ARTICLES systemic autoimmune condition Sj ö gren ' s syndrome, a severe and potentially blinding condition. 30 Dry eye can have a major impact on quality of life. The presence of DE impacts functional vision and the ability to perform daily activities such as reading, computer use, and driving. 31 Disrupted corneal epithelial barrier and accelerated corneal epithelial loss in DE lead to corneal surface irregularity, which degrades visual function by decreasing contrast sensitivity and functional visual acuity.
We found earlier that disruption of corneal barrier function in DE is mediated by increased production of MMPs, particularly, MMP-9. The mechanisms that stimulate increased protease production and activation have not been fully elucidated, but proinflammatory cytokines and chemokines, such as IL-1 and TNF-, which increase in the tears in DE disease, stimulate MMP production by the corneal epithelium. 32, 33 Furthermore, inflammation in the lacrimal glands, cornea, and conjunctiva, which results in decreased tear production and conjunctival goblet cell loss, has been induced by transferring CD4 + T cells from mice subjected to experimental DE to T-cell-deficient nude mice that have not been exposed to desiccating stress. 34 These findings suggest that CD4 + T cells may be involved in the pathogenesis of DE.
The goal of our study was twofold, first, to determine if the desiccating stress of DE induces a Th-17 inflammatory skewed response on the ocular surface, and second, to determine if the IL-17 is implicated in the corneal epithelial disease in DE. This was accomplished by evaluating the expression of Th-17 promoters and IL-17 in human DE patients and in a murine DE model. Furthermore, the effect of IL-17 neutralization on corneal epithelial barrier function was evaluated in an experimental DE model.
RESULTS

Evidence for Th-17 inflammation in the conjunctiva of DE patients
Chronic inflammation has been detected in the conjunctiva of patients with deficiency / dysfunction of the tear film, commonly called DE. Compared with normal eyes, significantly increased levels of IL-1 , IL-6, IL-8, TNF-, and TGF-1 RNA transcripts have been found in the conjunctival epithelium of patients with Sj ö gren ' s syndrome, the most severe form of DE. 32 To determine if Th-17 pathways are involved in DE pathogenesis, we measured levels of Th-17-associated cytokines in human conjunctival epithelium obtained by impression cytology in 17 patients with newly diagnosed DE ranging in severity from level 1 to 4 [level 1 ( n = 2), level 2 ( n = 2), level 3 ( n = 4), and level 4 ( n = 9)] and 17 normal subjects, with no evidence of DE, using real-time PCR. The demographic features of patients and control subjects are shown in Table 1 . Levels of mRNA transcripts  encoding MMP-9 and Th-17 (IL-6, IL-23, IL-17A, TGF-1,  TGF-2, and IL-15), Th-1 (IFN-, IL-2, and IL-12), and Th-2  (IL-4 and IL-13) cytokine families in the conjunctival epithelia are shown in Figure 1 . Significantly higher levels of MMP-9, TNF-, IL-1 , IL-6, TGF-2, IL-23, IL-17, and IFN-transcripts were observed in DE patients than normal subjects. There was no difference in levels of IL-2, IL-12, and IL-15 transcripts. IL-13 was detected in only 4 out of 17 normal subjects and 3 out of 17 patients, whereas IL-4 transcripts were undetectable in all samples obtained from both groups, although they were detected in samples obtained from two patients with atopic conjunctivitis (data not shown). We also performed an analysis correlating levels of IL-6, IL-23, and TGF-1 mRNA with the levels of clinical severity. We found that there was a significant and direct correlation between the levels of expression of IL-6, IL-23, and TGF-1 ( R 2 (coefficient of correlation) = 0.3701, R 2 = 0.3139, R 2 = 0.3538; P = 0.0001, P = 0.005, and P = 0.0003, respectively) with clinical severity ( Supplementary Figure 1 ) . 
ARTICLES
These findings indicate that DE elicits a mixed Th-17 and Th-1 response in the human conjunctival epithelia.
Desiccating stress induces a Th-17 response in the murine cornea and conjunctiva
On the basis of these findings in conjunctiva obtained from human DE patients, we decided to further evaluate the expression of these genes on the ocular surface and in the draining lymph nodes of mice subjected to desiccating stress for 5 or 10 days (DS5 and DS10, respectively), using an established experimental murine DE model. 34 -37 Non-stressed (NS) mice served as controls.
We have observed earlier that mice subjected to desiccating stress develop a CD4 + T-cell infiltration in the goblet-cell-rich area of the conjunctiva. 38 We have also observed occasional CD4 + T-cell infiltration of the peripheral cornea after desiccating stress (DS) (data not shown). We observed that adoptive transfer of DS CD4 + T cells into T-cell-deficient nude mice was able to produce lacrimal keratoconjunctivitis in mice that were never exposed to desiccating stress. 34 To confirm our earlier finding, we performed flow cytometry on freshly isolated cells from the ocular surface (i.e., cornea and conjunctiva) and cervical lymph nodes (CLNs) that were stained for CD4. Our results show that both tissues had an increase in CD4 + T-cell population ( Figure 2 and Supplementary Figure 2 ) . We hypothesized that these findings may be associated with a Th-17 response.
We used this murine DS model to evaluate the levels of mRNA transcripts encoding MMP-9, Th-17 inducers, and IL-17-, Th-1-, and Th-2-associated genes in the cornea, conjunctiva ( In the cornea epithelia, there was a significant increase of MMP-9, TGF-1, TGF-2, IL-17A, IL-23, IFN-, and IL-2 (at DS5), and CCL20 (at DS5 and DS10) and IL-6 (at DS10) transcript levels compared with the NS group. Neither IL-4 nor IL-22 mRNA transcripts were found in the cornea epithelia.
Significantly higher levels of IL-23, IL-23R, IL-17R, ROR t (all at DS5), TGF-1, IL-17A, IL-6, IL-22 (both at DS5 and DS10), MMP-9, and IFN-(at DS10) transcripts were observed in the conjunctiva of DS mice than the NS group. No change was observed in IL-15, TGF-2, IL-18, IL-18R, T-bet, CCL20, IL-21, and STAT3 levels. We found that there was a nonsignificant trend toward decreasing levels of IL-2, IL-12, IL-4, IL-13, and GATA3 transcripts after DS.
In the draining lymph node, a significant increase of TGF-2 (at DS5) and IL-17A (both at DS5 and DS10) was noted, whereas a nonsignificant increase of ROR t was observed at DS5.
Taken together, these results show that DS induces a stronger Th-17 pattern response in the cornea and conjunctiva than in the regional lymph node and prompted us to further investigate the role of Th-17 in DE.
Desiccating stress upregulates Th-17 inducers on the ocular surface
The gene expression studies were confirmed by evaluating the protein expression of Th-17 inducers, IL-6, IL-23, IL-23R, and TGF-, by immunostaining, and by Luminex immunobead assay in corneas and conjunctivae obtained from NS, DS5, and DS10 mice. We also evaluated the concentration of IL-12p40 and IL-12p70 in tears. CCL20, a chemoattractant that was shown to be induced by IL-17, 2 was also evaluated by immunofluorescent staining.
Dry eye induced a significant increase in IL-6 and IL-23 immunoreactivity in the cornea and conjunctival epithelia at DS5 and DS10 ( Figure 3a -d ) . These results were confirmed by measuring the concentrations of these cytokines in corneal and conjunctival lysates using Luminex immunobead assay ( Supplementary Figure 3a ) . Scattered IL-23R-positive cells were found to infiltrate the conjunctival epithelium ( Figure  3e , arrows). Desiccating stress induced a significant increase in CCL20 staining in the upper layers of the corneal epithelium, especially in the peripheral cornea ( Figure 3f ).
Total levels of TGF-1 and TGF-2 were measured using a Luminex immunobead assay in conjunctival lysates of all groups and normalized by the total protein concentration. As shown in Figure 3g , TGF-1 levels increased significantly at DS10, whereas TGF-2 did not change, in agreement with our PCR results.
We evaluated the concentrations of IL-12p40 (the shared subunit between IL-23 and IL-12) and IL-12p70 (the exclusive subunit of IL-12) in corneal and conjunctival lysates, and tears. As there are no commercially available beads to IL-23p19 (the exclusive subunit of IL-23), we evaluated the ratio of both subunits as a measure of IL-23. Desiccating stress induced a progressive increase of IL-12p40 in tears, whereas the expression of IL-12p70 decreased; therefore, the ratio of both units increased significantly, implying an increase of IL-23 ( Figure 3i ). These findings were confirmed by measuring the concentrations of these cytokines in the cornea and conjunctiva, in which a significant decrease in IL-12p70 at DS10 was observed in conjunctival lysates. In cornea, there was a slight increase in IL-12p40, and this was accompanied by a decrease in IL-12p70. Thus, the same pattern of this ratio observed in tears was also observed in lysates of both ocular surface tissues ( Supplementary  Figure 3b -d ). 
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These results indicate that the ocular surface is a TGF--, IL-6-, and IL-23-rich environment. Desiccating stress was found to stimulate the production of CCL20 and IL-23R, factors that may facilitate the influx of IL-17-producing cells.
IL-17-producing cells are visualized on the ocular surface after desiccating stress
The expression of IL-17 on the ocular surface was evaluated in the cornea and conjunctiva by immunofluorescent staining and ELISPOT bioassay and in tear fluid by Luminex immunobead assay.
In contrast to the NS group, in which no cells were seen, DE stimulated an influx of IL-17-positive ( + ) cells in mid-peripheral cornea and in the goblet-cell-rich areas of the conjunctiva (DS5 and DS10) ( Figure 4a and b ) . The influx of IL-17 + cells paralleled an increase in CCL20 expression in the cornea ( Figure 3f ).
To confirm IL-17 production after DS, we performed IL-17 ELISPOT using freshly isolated cells from the cornea and conjunctiva and draining CLN. Our results, presented in Figure 4c , show a significant increase of IL-17-producing cells in the cornea and conjunctiva at DS5 and DS10, with a late increase (at DS10) of IL-17-producing cells in the CLN. We also observed a significant increase in the concentration of IL-17 in tears at DS10 ( Figure 4e ). To further evaluate if this Th-17-skewed deviation is unique to desiccating stress on the ocular surface, we evaluated the effects of another type of ocular surface insult by creating a unilateral sterile corneal epithelial defect in a separate group of mice. We isolated cells from the cornea and conjunctiva 5 days after the initial insult and we performed IL-17 ELISPOT. There was no increase in the number of IL-17-producing cells in either eye (data not shown), suggesting that increased IL-17 production is not a nonspecific response to ocular surface trauma.
These findings indicate that DS increases the number of IL-17-producing cells in the ocular surface and prompted us to further investigate the role of IL-17 in DS.
Neutralization of IL-17 in vivo ameliorates desiccating stress-induced corneal epithelial barrier dysfunction
Dry eye and DS are well recognized to disrupt corneal epithelial barrier function. In humans, corneal permeability to fluorescein dye is currently used clinically to evaluate the severity of corneal epithelial barrier disruption. Corneal barrier disruption is associated with an increased risk of sterile and infectious corneal ulceration, corneal haze, and decreased vision.
To further evaluate the roles of IL-17 and IFN-in the pathogenesis of the corneal epithelial disease that develops in response to DS, an in vivo IL-17 rat antibody neutralization was performed in separate groups of C57BL / 6 and IFN-KO mice subjected to DS for 5 days (DS5 + anti-IL-17). Mice receiving rat IgG served as controls (DS5 + IC). We have reported earlier that desiccating stress induces an acute disruption of corneal barrier by 5 days in our mouse model; 39 therefore, we evaluated the effects of IL-17 neutralization when disruption of barrier function is maximal.
A significant increase in corneal permeability to 70-kDa Oregon Green Dextran-488 was found in DS5 compared with the NS group in both strains, although the magnitude of increase was significantly higher in the C57BL / 6 strain ( Figure 5a and d ). Neutralization of IL-17 significantly decreased corneal permeability to Oregon Green Dextran-488 at DS5 in both strains, compared with DS5 + IC, which was no different than the DS5 group ( Figure 5a and d ) .
These results indicate that although both IL-17 and IFNmay be involved in the corneal epithelial pathology in DE, IL-17 may be the dominant player in acute barrier dysfunction.
IL-17 induces metalloproteinase production on the ocular surface and in human cultured epithelial cells
We have reported earlier that increased MMP production disrupts corneal barrier function in response to experimental desiccating stress. 36, 40 Specifically, DS was found to increase MMP-9 and MMP-3, the latter being the main activator of MMP-9. As IL-17 has also been reported to upregulate MMPs, 4,5 we evaluated if in vivo neutralization of IL-17 would have an effect on MMP levels. 
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We performed immunostaining for MMP-9 in corneal tissue sections prepared from NS, DS5, DS5 + anti-IL-17, and DS + IC ( Figure 5b ). Desiccating stress markedly increased MMP-9 immunoreactivity in all layers of the cornea. Neutralization of IL-17 partially decreased the staining intensity as opposed to the isotype control group that had a similar appearance to DS5. We also used in situ zymography to assay all gelatinase activity in the serial tissue sections. In this activity assay, sections are incubated with a fluorescent-conjugated gelatin. The fluorescence intensity in the tissue is proportional to the enzyme activity, because cleavage of the fluorescent substrate yields visible fluorescence. As shown in Figure 5c , we observed a marked increase in fluorescence in DS5 and DS5 + IC, whereas neutralization of IL-17 was found to decrease the DS-induced gelatinolytic activity in the corneal epithelium.
To confirm this finding, we evaluated levels of MMP-9 and MMP-3 transcripts in the corneal epithelia of animals that received the in vivo neutralization of IL-17. Neutralization of IL-17 significantly reduced levels of MMP-9 and MMP-3 transcripts in these cells ( Figure 5e ), but no significant change in the levels of IL-6, TGF-1, and IFN-mRNA transcripts was observed (data not shown).
We investigated the effects of exogenous administration of IL-17 on MMP production by primary cultured human corneal epithelial cells as well as barrier function to sodium fluorescein dye in a corneal epithelial cell line. Treatment of corneal epithelial cells with IL-17A for 16 h significantly increased the levels of MMP-3 (4.65 ± 0.81-fold increase, P = 0.04) and MMP-9 (2.88 ± 0.37-fold increase, P = 0.03) transcripts. Treatment of the corneal epithelial cell line with IL-17A for 5 days induced a 30 % increase in permeability to sodium fluorescein compared with untreated controls (data not shown).
DISCUSSION
Our studies evaluated human and experimental murine DE for evidence of Th-17 inflammation. In humans, we evaluated the expression of MMP-9, inflammatory cytokines, and Th-1-, Th-2-, and Th-17-associated genes and we found increased levels of MMP-9, IL-1 , TNF-, IL-17, and its inducers, as well as IFN-, in the conjunctiva from DE patients. There was a significant 
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positive correlation between levels of TGF-1, IL-23, and IL-6 mRNA and clinical severity of DE parameters. These results were corroborated in the mouse model. Increased production of IL-6 on the ocular surface has been identified in human DE patients in a number of studies. 41, 42 We found that IL-6 was the only cytokine in DE tears with a concentration 2 s.d. above normal levels. We also found that IL-6 tear concentrations showed strong correlation with the severity of ocular surface epithelial disease. 43 Experimental desiccating stress to the mouse ocular surface was found to increase the number of CD4 + T cells in the conjunctival epithelium and stimulate the production of Th-17-associated genes, as well as IFN-. Desiccating stress also increased the number of IL-17-producing cells in the cornea and conjunctiva and increased the IL-17 concentration in tears. Antibody neutralization of IL-17 in C57BL / 6 wild-type and in IFN-KO mice ameliorated desiccating stress-induced corneal epithelial barrier dysfunction, and it was accompanied by a decrease in MMP-3 and -9 gene expression, MMP-9 protein expression, and gelatinolytic activity in the corneal epithelium. Taken together, these findings indicate that Th-17 has a role in the corneal epithelial pathology that develops in DE.
The ocular surface is a TGF-1-and IL-6-rich environment. 41, 44 These two cytokines are recognized to be essential in the induction of Th-17 cells. 10 -12 TGF-synergizes with IL-6 to induce the expression of the transcription factor ROR t, a key regulator of Th-17 differentiation. 10 -13 We found a progressive increase in the number of CD4 + T in the conjunctival epithelium over 10 days of DS. As the local cytokine milieu is very important in the maturation and differentiation of naive T cells, we hypothesized that the ocular surface in DE promotes Th-17 inflammation.
Our findings of increased Th-17 and Th-1 (IFN-) cytokines in the conjunctiva obtained from human DE patients prompted us to further investigate the response of the ocular surface and CLN to desiccating stress in mice. Similar to humans, we found that experimental DE induced a significant increase of MMP-9-, IFN--, and Th-17-associated cytokines. Dry eye significantly stimulated the production of IL-23, IL-6, and TGF-, the three factors that are important in driving differentiation and survival of Th-17 cells, in the cornea and conjunctiva. 10 -12,14,15 Furthermore, it stimulated the production of MMP-9, which is a recognized activator of latent TGF-. Interestingly, the cornea and conjunctiva had more significant changes in Th-17-related gene expression than the draining lymph nodes. It is of particular interest that we found an increased expression of IL-17R and IL-23R in the conjunctiva, with IL-23R + cells noted to infiltrate the conjunctival epithelium. IL-23R is considered as one of the hallmarks of Th-17 differentiation and is not expressed by naive cells. 45 We found an increased expression of IL-17A in (tears, cornea, and conjunctiva) and the lineage-specific transcription factor ROR t in the conjunctiva. We also found a higher number of IL-17-producing cells in the cornea and conjunctiva than in the CLN population. Our findings of higher levels of expression of Th-17-associated cytokines and IFN-in our mouse model are consistent with earlier findings in humans. Increased levels of IL-17 and IL-23 were found earlier in tears, saliva, and in salivary gland biopsies obtained from Sj ö gren ' s patients. 46, 47 Elevated concentrations of IL-6 were also found in sera and saliva obtained from Sj ö gren's Syndrome patients. 46 Taken together, these findings suggest that the ocular surface environment offers an enabling cytokine milieu for the differentiation of Th-17 cells in response to desiccating stress.
CCL20 is a potent chemoattractant that drives Th-17 + cells to sites of inflammation. CCL20 is stimulated by IL-17A itself 2 and by IL-1 and TNF-, 48 the two cytokines that are highly expressed by the cornea epithelium in DE. 32, 33 We found a sixfold increase in levels of CCL20 mRNA transcripts in the cornea at DS5, compared with controls; these results were confirmed by immunostaining. This increase of CCL20 may facilitate the influx of IL-17 + cells that we observed in the mid-peripheral cornea, which is devoid of T cells under normal circumstances. CCL20 and its ligand, CCR6, were found to be highly expressed in psoriatic lesions, 2 another epithelial disease in which Th-17 is implicated. 22 In addition to increased IL-17 production, we found an increase in IFN-that peaked in the cornea at day 5 and in the conjunctiva at day 10. It has become apparent in a number of other models of autoimmunity, such as experimental autoimmune encephalomyelitis and autoimmune uveitis, that increased expressions of IL-17 and IFN-are not mutually exclusive. The relative contribution of IL-17 and IFN-to the pathological changes in these models remains controversial. For example, in experimental autoimmune uveitis induced by immunization with intra-retinal binding protein and complete Freud ' s adjuvant, treatment with IL-17A-neutralizing antibody reduced disease severity, 26 whereas neutralization of IFN-exacerbated disease 49 and treatment with recombinant IFN-was shown to protect against disease. 50 In contrast, experimental autoimmune uveitis induced by immunizing mice with intra-retinal binding protein-pulsed dendritic cells is characterized by an influx of T cells producing large amounts of IFN-, but little IL-17. 26 IFN--deficient mice treated with this protocol did not develop disease. The discrepancies noted between these studies may be explained by the use of complete Freud ' s adjuvant in the immunization model, which may exaggerate the importance of IL-17. Increased production of IL-17 in our study cannot be ascribed to adjuvants because they are not utilized in our environmental stress model. Increased levels of IFN-and IL-17 were found in human samples and in our mouse model. It is possible that IL-17 and IFN-each has unique functions on the ocular surface in response to desiccating stress. IL-17, in conjunction with IL-1 and TNF-, appears to stimulate the production of MMPs by the corneal epithelium, which mediates proteolytic disruption of epithelial tight junctions that maintain corneal barrier function. In contrast, IFN-inhibits production of MMPs by certain tissues, and thus, it may antagonize the effects of IL-17. Furthermore, IFN-stimulates the production of cornified envelope precursors by the ocular surface epithelia, 38 which create more of a skin-like barrier in these mucosal epithelia.
We have reported earlier that IFN-contributed to conjunctiva goblet cell loss in our mouse model; 38 however, we did not evaluate the effects of IFN-on corneal permeability at that time. Our current experiments indicate that loss of IFN-decreases the severity of corneal barrier disruption; however, neutralization of IL-17 significantly improved barrier function in both C57BL / 6 and IFN-KO mice. These results indicate that both Th-1 and Th-17 pathways may be involved in ocular surface response to DS, with IL-17 having the dominant role in the cornea.
These findings have great clinical implications, because increased corneal permeability to fluorescein dye is a hallmark of DE, and it is associated with increased corneal epithelial desquamation (punctate epithelial erosions) and corneal surface irregularity, changes that result in decreased functional vision. We have shown earlier that MMP-9 produced and activated in response to desiccating stress disrupts corneal barrier function and observed that MMP-9-deficient mice were resistant to barrier disruption in desiccating stress. 40 As IL-17 has been reported to upregulate the expression of MMPs, 4,5 we evaluated if IL-17 neutralization would decrease expression of MMP-9, as well as MMP-3 (a potent physiologic activator of MMP-9). We found a significant decrease in both MMP-9 and MMP-3 transcripts in mice receiving IL-17-neutralizing antibody. This was accompanied by decreased MMP-9 immunoreactivity and gelatinolytic activity in the cornea. As further evidence, a marked increase in both MMP-9 and MMP-3 was found in cultured human corneal epithelial cells treated with recombinant IL-17 and a corresponding 30 % increased permeability to sodium fluorescein was observed.
In summary, we showed that desiccating stress elicited a Th-1 and Th-17 response on the ocular surface and that IL-17 is involved in the disruption of corneal barrier function, which is the most sight-threatening complication of DE. The ocular surface has high levels of Th-17-inducing factors, such as IL-6, IL-23, and TGF-, that appear to render it a predisposed site for promoting Th-17 differentiation and survival.
METHODS
Real-time PCR . The RNA concentration was measured by its absorption at 260 nm and samples were stored at − 80 ° C until use. Firststrand cDNA was synthesized with random hexamers by M-MuLV reverse transcription (Ready-To-Go You-Prime First-Strand Beads; GE Healthcare, Arlington Heights, NJ), as described earlier. 35 Real-time PCR was performed with specific MGB probes (Taqman; Applied Biosystems (ABI), Foster City, CA) and PCR master mix (Taqman Gene Expression Master Mix), in a commercial thermocycling system (Mx3005P QPCR System; Stratagene, La Jolla, CA), according to the manufacturer ' s recommendations. Human probes used were GAPDH, MMP-9, IL-6, IL-23, TGF-1, TGF-2, IL-17A, IFN-, IL-2, IL-12, IL-4, and IL-13 (assay IDs: Hs99999905, Hs00234579, Hs00174131, Hs00372324, Hs99999918, Hs00234244, Hs00174383, Hs999904, Hs00174114, Hs00188405, Hs00174122, and Hs00174379, respectively), and murine MGB probes used were GAPDH, IL-6, IL- Mm00444228, Mm00521423, Mm00801778, Mm00434256, Mm00434165, Mm00450960, Mm00445259, Mm00434204, Mm00484683, Mm00434225, Mm00515180, and Mm01160477, respectively). The GAPDH gene was used as an endogenous reference for each reaction. The results of quantitative PCR were analyzed by the comparative C t method in which the target change = 2 − C t The results were normalized by the C t value of GAPDH and the mean C t of relative mRNA level in the normal control group (normal subjects and NS mice) was used as the calibrator.
Mice . C57BL / 6 and IFN-knockout mice (in C57BL / 6 background, B6.129S7-Ifng tm1Ts / J, IFN-KO) from both genders, 6 -8 weeks old, were purchased from The Jackson Laboratory (Bar Harbor, ME). All animal experiments were approved by the institutional animal care and use committees at Allergan and Baylor College of Medicine. All studies adhered to the Association for Research in Vision and Ophthalmology Statement for the Use of Animals in Ophthalmic and Vision Research. All experiments were performed in C57BL / 6 mice unless noted.
Induction of DS in mice . Desiccating stress was induced by subcutaneous injection of scopolamine hydrobromide (0.5 mg per 0.2 ml; SigmaAldrich, St Louis, MO) four times a day (0800, 1200, 1400, and 1700 hours), alternating flanks of mice, as described earlier. 34 -37 Mice were placed in a cage with a perforated plastic screen on one side to allow airflow from a fan placed 6 inches in front of it for 16 h per day. Room humidity was maintained at 30 -35 % . DS was induced for either 5 or 10 consecutive days (DS5 or DS10, respectively). This model of DE disease has been used earlier with no discernible ill effects from the scopolamine treatment or low humidity. 37 Control mice were maintained in an NS environment containing 50 -75 % relative humidity without exposure to forced air.
Rat anti-mouse IL-17 serum . A peptide, CSSRRPSDYLNRSTSPW TLHRNEDPDR, corresponding to mouse IL-17 (aa62 -aa89) was synthesized based on an amino-acid sequence that provided optimal antigenicity and hydrophilicity (UT Southwestern Protein Chemistry Technology Center). Rats were immunized intrasplenically with 100 g peptide conjugated with Keyhole limpet hemocyanin (KLH) + 20 g CpG DNA, followed, 1 month later, by one subcutaneous injection of 100 g peptide conjugated with KLH + 20 g CpG DNA + complete Freund ' s adjuvant. Rats were then injected subcutaneously with a boosting cocktail (100 g peptide conjugated with KLH + 20 g CpG DNA + incomplete Freund ' s adjuvant) every 2 weeks for 2 months.
Rat serum was collected and tested for polyclonal anti-mouse IL-17 by enzyme-linked immunosorbent assay screening with the synthetic peptide and by western blot analysis using recombinant mouse IL-17A (eBiosciences, San Diego, CA) (data not shown).
In vivo depletion of IL-17 in C57BL / 6 and IFN-KO mice . Groups of C57BL / 6 ( n = 40 per group) and IFN-KO mice ( n = 10 per group) received intraperitoneal injections of either a rat anti-IL-17-neutralizing polyclonal serum (DS5 + anti-IL-17, 500 g per mice) or rat IgG (DS5 + isotype control (IC), 500 g per mice; Sigma-Aldrich). The injection regimen was as follows: day − 4, day − 2, day 0, day + 2, and day + 4. Both groups were subjected to DS (at day 0) as described above and they were euthanized on day 5 of desiccating stress.
Isolation of murine cells . The eyes and lids of mice ( n = 5 per experiment, in four independent sets of experiments, total of 20 per group, in NS, DS5, and DS10 groups and n = 5 per experiment, in two independent sets of experiments in corneal scar and control groups) were excised, pooled, and incubated in 10 ml of 5 mg ml − 1 Dispase II (Roche Molecular Biochemicals, Indianapolis, IN) in a shaker at 37 ° C for 1 h, followed by neutralization with Hank ' s Buffered Salt Solution (Invitrogen-Gibco, Grand Island, NY) supplemented with 3 % fetal bovine serum (Hyclone, Logan, UT). The bulbar and tarsal conjunctivae were scraped with cytology brushes under a dissecting microscope. Respective superficial
